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. @ linage Display Apparatus. 

t .An image di^lay apparatus reduces the pos- 
sMity of occurrence of minor discomforts such 
as headaches, eyestrain, fatigue and the lice in 
users. A symbol incficating distance such as 1m, 
^*nt or « Is displayed oh an outer periphery of a 
- virtual Image adjusting knob. When the user 
aligns a marie on the virtual knage position 
adjusting tcnob with a position corresponding to 
one of the predetermined symbols, the virtual 
Image Is set so as to be <fisplqyed at a position 
: corresponding to the symbol Consequently, 
the user can more easiy recognize the dis- 
played position of the virtual image so that the 
generation of a minor discomfort due to long 
term use which Is more than necessary of the 
image display apparatus is substantially re- 
duced. 
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This invention relates to image display appara- 
tus. 

Game devices which provide virtual reality im- 
ages are becoming increasingly popular. Typically, 
such devices enabJ a user to view a three- 6 
d imensional image on a display while playing a game. 
This provides a realistic effect which enhances enjoy- 
ment of playing the game. 

In such devices, an eyeglass type display appa- 
ratus is utilized to display the three-dimensional inv 10 
age. Typically, the display apparatus is worn on a 
user's head and positioned in front of the user's eyes 
so as to enable viewing by the user. However, some 
users may develop headaches, eyestrain, fatigue or 
other minor discomforts if the display apparatus Is is 
used for a relatively long period of time. 

According to the invention there is provided an 
image display apparatus comprising Image dispiay- 
fc ing means for displaying an image, optical means for 
optically generating a virtual image of the image ds- 20 
played through said image displaying means, delist- 
ing means for adjusting a position of said virtual im- 
age, and position displaying means for displaying a 
position of said virtual image. 

Preferred embodiments of the invention descri- 2s 
bed herein below provide an Image display apparatus 
which substantially reduces or eliminates the occur- 
rence of the abovennentioned tninor discxtmforts. 
The preferred embodiments provide an eyeglass 
type image display apparatus which substantially re- 30 
duces or eliminates the occurrence of minor discom- 
forts such ashealaches, eyestrain and uw tike^ :^iy- 

Trie Wentkm will now be further describedTby rr 
way of illustrative and non-timiting example, wfthref : 
erence to the accompanying drawings, In which: ^i v. ; ^5 
' RgTiT ls a biodccftagram of a preferred ernbodi- 

ment of an image display apparatus according to J h 

the invention; 

Fig. 2 is a perspective view representing a de- 
tafledstnjcturebf^ 46 
Rg. 3 depicts a theory of operation for changing ■ 
the displayed position of a virtual image by move- 
ment of LCDs; x 

Fig. 4 depicts a theory of operation for changing 
the displayed position of the virtual image by 45 
movement of aspherical lenses; 
Figs. 5 (a) and (b) depict the relationship between 
a displayed position of the virtual image and con- 
vergence angle; 

Fig. 6 is a perspective view representing an ex- so 
ample of a partial structure for changing the dis- 
played position of a virtual image; 
Fig. 7 is a perspective view representing, an ex- 
ampie of a partial structure for changing the dis- 
played position of a virtual Image; 65 
Fig. 8 is a plan view for explaining the operation 
of the aspherical lens when an eye^whfth adjust- 
ing kn b explained in th description of Fig. 2 is 



operated: 

Fig. 9 depicts an example of a virtual imag pos- 
ition adjusting knob; 

Fig. 10 depicts another example of the virtual inv 

ag position adjusting knob; 

Figs. 11 (aHc) depict displays of virtual image 

positions; 

Figs. 12 (aHc) depict alternate displays of virtual 
Image positions; 

Fig. 13 is a flowchart for explaining processing 
steps which occur when the virtual image posi- 
tion adjusting knob is operated; 
Fig. 14 is a flowchart for explaining an alternative 
embodiment for the processing steps which oc- 
cur when the virtual image position adjusting 
knob is operated; 

F(g. 15 is a flowchart for explaining a further al- 
ternative embodiment for the processing steps 
which occur when the virtual Image position ad- 
Justing knob is operated; 
Fig. 16 is a flowchart for explaining a stf Q further 
alternative embodiment for the processing steps 
which occur when the virtual image position ad- 
justing knob is operated; and 
Fig. 17 is a flowchart for explaining an additional 
embodiment for the processing steps which oc- 
cur when the virtual image position adjusting 
knob Is operated. ~ - 
Fig. 1 is a block diagram representing a structure 
of a preferred embodiment of an linage display appa- 
ratus according to the present invention. The image 
display appan^^ having a 

mlcrocor^ each block and which 

executes as a function of the irnage display appara- 
i .tus. The control unit 51 includes memory 52 having 
< b RAM or ROM In which predetermined image data on 
■ ' games is previously stored ; 

In a case where the memory 52 is constructed as 
RAM, predetermined (data Is read from CD-ROM 
mounted, for example, on a memory unit or reading 
block 54 and can be stored in the RAM. Further, in a 
case where the memory 52 Is constructed as ROM, 
the ROM may be a type of card which is configured 
to enable replacement with an alternate card. 

The reading block 54 includes a memory unit 55. 
Memory unit 55 comprises, for example, CD-ROM in 
which speech data are stored. It is noted that the 
speech data may also be stored in the memory 52. 

The image display apparatus further includes a 
microphone 61 for collecting sound such as a user's 
voice. The collected speech signal through the micro- 
phone 61 is converted into a digital signal by means 
ofanA/D converter 6^ and Is supplied to a first acous- 
tic generating unit 63. The first acoustic g neratlng 
unit 63 serves to provide the input speech data from 
the A/D converter 62 for an echo effect to carry out 
a predetermined effect processing, and to synthesize 
and output the speech data supplied from the mem- 
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ry unit 55 via a data bus 5 with the speech data 
A second acoustic generating unit 64 carries out 
a predetermined effect on the speech data supplied 
from the memory unit 55 which Is then outputted. A 
first synthesize circuit 65 synthesizes speaker and 
ear phone speech data outputted from the first aoous- 
tic generating unit 63 and the second acoustic gener- 
ating unit 64, respectively. The first synthesize circuit 
65 then outputs the synthesized data to a D/A conver- 
ter 66. The D/A converter 66 converts the input data 
thereto into an analog signal. The speech data for the 
speaker supplied from the first acoustic generating 
unit 63 is supplied to a speaker 67. The speech data 
for the ear phone supplied from the second acoustic 
generating unit 64 Is supplied to the ear phone 31. 

The speech data supplied from the speaker 67 
and ear phone 31 may be different from one another. 
For example. In the ear phone 31 9 the speech can only 
be output from the memoryunft65. The speech from 
the memory unit 55 and those Input from the micro- 
phone 61 can be output 

In addition, the Image display apparatus Includes 
a first image generating unit 71 which servaato re- 
ceive image datetobe displayed onamonitor75froni 
among the image data stored in the memory 52 via 
data bus 5. The first Image generating unt 71 also re- 
ceives posftion data output from a position sensor 87 
which is included in an eyeglass display 86. The pos- 
ition sensor 87 outputs data relating to the position in 
a predetermined space such as a room. Byway of ex- 
ample, the positional data generated by the posftion 

i sensor 87 Includes data Indicating whether the head 
Is facing leftward or rightward (direction coincident 
with horizontal direction), data indicating whether the 

Ahead Is tilted upward or downward (direction ooinci- ■ 
dent with the vertical direction) arid so forth. A 

The first Image generating unt 71 selects and 
corrects the Image data supplied from the control unit 

. 51 corresponding to the output data of the pos iti o n 
sensor 87. A first OG (computer-graphic) buffer 72 
temporarily stores the Image data supplied from the 
first image generating unit 71 and outputs them to a 
first RGB-NTSC converter 73. The first converter 73 
converts the image data including the RGB data Into 
the video signal in NTSC form and outputs the video 
signal to a second synthesize circuit 74. 

A message generating untt 76 generates a mes- 
sage (characters) corresponding to a message code 
supplied via the date bus 5 and read from the memory 
of the control unit 51 and supplies it to the second syn- 
thesize circuit 74. The second synthesize circutt 74 
synthesizes the Image signal supplied from the first 

r converter 73 and Image signal supplied from the mes- 
sage generating tint 76. The synthesized output Is 
then supplied to a monitor 75. 

A seoood Image generating unit 81 receives Im- 
age date fbralen eye from the date selected byakey 
unit 53 and from the data which Is stored from the 



control unit 51 to the memory 52. In addition, the sec- 
ond imag g iterating unit 81 receives the position 
data detected by the posftion 8 nsor 87. Th second 
image generating unft 81 selects and corrects the 
6 data supplied from the control unit 51 corresponding 
to the detected data from the position sensor 87. The 
correction data Is supplied to the second RGB-NTSC 
converter 83 via the second CG buffer 82. The sec- 
ond converter 83 converts the RGB data to the image 
10 data in the NTSC format and supplies the converted 
image data to a third synthesize circuit 84. 

In the same manner as the second Image gener- 
ating unit 81, second OG buffer 82, and the second 
converter 83 which process the image for the left ey , 
is a third Image generating unit 91 , third CG buffer 92, 
and third RGB-NTSC converter 93 for a right eye are 
utilized. The output signal of the thirxl converter 93 is 
supplied to the third synthesize 
synthe si ze d wth the data from the second converter 
20 83. The image data outputfrom the third synthesize 
droutt 84 Is furthermore suppOed to the fourth synthe- 
8ize circuit 85 and synthesized with the image signal 
of the message output from the message generating 
unit 76 and Is suppOed to the eye glass display 86. 
25 Fig. 2 is a view of the eyeglass display 86 posi- 
tioned on the head of a usee. The eyeglass display 86 
Includes % main body 1 having a ring 2. The ring 2 is 
adapted for encircling a portion of the user's head to 
enable the main body 1 and ring 2 to be removeably 
so mounted onto the user's head. The eyeglass display 
86 is positioned such that the main body 1 is located 
> toward a front portk)n<rfthe user's head in front of the 
user's eyes and the ring 2 is turned toward a rearpor- 
tton of the user's head. The eyeglass display 86 fur- 
- their Includes a pad 8 whfchfe affixed on an inner por- 
tion of the main body 1. The pad 3 serves to press 
against the user's forehead to provide support Con- 
sequently, as if a human kind wore a pair of glasses, 
the user can mount the pairof glasses type display 86 
40 on ears. ^ 

A back light 11 is disposed on the main body 1. 
The back light serves to Ruminate left and right LCDs 
12. The left LCD 12 servestodisplay the Image signal 
for the left eye and the right LCD 1 2 serves to display 
45 the Image signal for the right eye. The images dis- 
played on the left and rightLCDs 12 are then reflected 
by left and right mirrors 13, respectively. 

A half mirror 15 is then used to reflect the reflect- 
ed images from the left and right mirrors 13 on the 
60 eyes of the user. In particular, the Image displayed n 
the left LCD 12 becomes incident on the user's left 
eye and the image displayed on the right eye LCD 12 
becomes incident on the user's right eye. 

Left and right asphericd len s es 14 are Interposed 
66 between the left and right m hTor s 13aod thehalfmlr- 
ror 15 so that the Images displayed on the left eye's 
LCD 12 and right eye's LCD 12 are expanded and fo- 
cused on the user's eyes for displaying virtual im- 
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ages. 

A smoked glass element 16 Is pivotally mounted 
on a front surface of the half mirror 15. The smoked 
glass element 16 may be pivoted to an open position 
wherein the smoked glass element 16 xtends out- 5 
wardly from the main body 1. Alternatively, th 
smoked glass element 16 may be pivoted to a dosed 
position, wherein the glass element 16 extends down- 
ward. As shown in Fig. 2, with the smoked glass ele- 
ment 16 in the open position, the user can view the 10 
external field as necessary via the pair of the half mir- 
ror 15. The user can automatically select a view of the 
images of the LCDs 12 reflected by means of the half 
mirrors 15 or a view of the external field, depending 
on which view the user focuses on. If the user does 
not desire to view the external field, the Image of the 
LCDs 12 can be more dearly viewed by pivoting the 
.smoked glass dement 16 Into the dosed position so 
.rthat light from the external field Incident on the half 
- mirror 16 Is substantially reduced. 

AneyewWmedjustingl^ 
right side surface of the main body 1 relative to the 
user. The eye width adjusting knob 17 enables the 
usertoadjustadistanceinthehortzom 
tween the left and right aspherical lenses 14 so that 25 
the distance between the left and right lenses 14 cor- 
responds with the distance between the user's eyes, r 
rln addition, a virtual Image (position adjusting 1 
... knob 18 is disposedon an uppercenter surface of t^ 
main body 1. Rotationof the virtual Image position ad- v 
Justing knob 18 changes the distance between the 
LCDs 12 a/Kl^phericaJ teases 14 in an opticalaxJs ^ 
direction. As such, the posftlonof virtual Image can be 
adjusted (diopter adjustment). That Is to say, If the 
user acQusta the vtrtud irnage position adjusting knob 
: 1 8, tf» user's eye Wrecognto 
on the LCDs 12 as a virtual image at selected disteno- , > 
es from the user as desired. By way of example, the 
user's eye can recognize the image displayed on the 
LCDs 12 as a virtual irnage 3 metere away from the 40 
1 user or can recognize the Image as a virtual Image 1 ; 
: meter away from user. This distance can be adjusted 
r by turning the virtual image position adjusting knob 
18. 

A D/A converter 10 is installed between the left 45 
and right mirrors 13. The O/A converter 10 outputs 
powerfor driving the back light 11. The power to drive 
the back light 11 is relatively high so that it becomes 
disadvantage from a standpoint of dielectric vdtage 
breakdown If the D/A converter 10 Is Installed away eo 
from the backlight 11. Hence, in the embodiment, as 
shown in Fig. 2, the D/A converter 10 is disposed be- 
tween the left and right mirrors 13 and is adjacent to r >* 
the back light 11. , ^ ^ 

Head ptone reels 21 are ^ 66 
side surfaces of the ring 2 so that headphone cords 
32of the leftend rtghtearphones31 can appropriate- . 
ly be wound. A D/D converter 22 Is housed wfthln the 
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right side surface of the ring 2. The D/D converter 22 
serves to supply th required DC vdtage for each part 
of the yeglass display 86. In addition, housed in the 
left side surface of the ring 2 is an RG pc board having 
a circuit which processes the image signals, a driver 
which drives an LCD 12, and other devices arranged 
lor operating the eyeglass display 86 as will be appre- 
ciated by those of ordinary skill in the art 

A remote controller 33 is connected to a left side 
surface of the ring 2 relative to the user via remote 
controller cords 33. The user can adjust the images 
displayed on the LCDs 12 and the speech signal de- 
rived from the ear phone 31 by sdecting desired f unc- 
tlon keys on the remote controller. It Is noted that the 
function keys of the remote controller 33 can corre- 
spond to ail or some of the function keys in the key 
unit 53. ........ 

Thefunction of me key unft 63 w« now be descri- 
bed The user can operateapredetarirtn^ 
fceyunltSSsoestosdedapreqetBrminedgarnefrt^ 
a plurality of games. When such a selection as descri- 
bed above is made, the image data corresponding to 
the selection is read f rom the memory 52 an d are out- 
put to the first 71 v second 81 and third 91 image gen- 
erating unit& i. 

In addition, when a start key of a key unit 53 Is op- 
erated, the reading block 54 reads the speech data 
. corresponding to the game assigned from the mem- 
ory unit 65 and is output to the first 63 and second 64 
<acoustic generating units.- ^t ^ ? 

The second acoustic generating unit 64 carries 
1 out the predetermlnedacoustic effectassigned to th 
*ey ™K 53 on the Input speech data. The speech data 
output from the first synthesize druA 65 is converted 
as DfA conversion^ means of ^ 
and Is supplied to the ear phone 31. This permits the 
user to hear the sound on the assigned game via th 
earphone 31. 

j, in the same way, the speech data is output from 
the first acoustic generating unit 63 to the first syn- 
thesize circuit 65. The speech data for the speaker 
outputf rom the first synthesize circuit 65 Is converted 
as the D/A conversion Into the analog signal and, 
thereafter, is supplied to the speaker 67 so as to pro- 
duce the acoustic sound signal. Consequently, the 
sound of the game Is outputfromthe speaker 67 fixed 
on a predetermined position of the room (space) in 
which the game apparatus is disposed. A person 
other than the user of the eyeglass display 86 is able 
to hear the sound derived from the speaker 67. 

On the other hand, the second 81 and third 91 Im- 
age generating units process the image data for the 
left eye and the rightaye, respectively, supplied from 
the control unit 51 and output them to the second 83 
and third 03 converters via the second 82andthfnJ92 
CG buffers. After th image signals converted from 
the RGB data to those in the NTS C format by means 
of the second 83 and third 93 converters are synthe- 
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sized by means of the third synthesize circuit 84, th 
image signals are suppfied to the eyeglass display 86 
via the fourth synthesize circuit 85. In addition, at this 
time, the image signals of the message generated by 
th message generating unit 76 are synthesized with 
the image signals from the third synth size circuit 84 
as necessary and are supplied to the yeglass dis- 
play 86. Consequently, the images and messages 
are displayed on the LCDs 12 of the eyeglass display 
86. 

At this time, the LCD 12 for the left eye displays 
the imagesfor the left eye processed by the second 
image generating unit 81, the second CO buffer 82, 
and the second converter 83. The LCD 12f6r the right 
eye displays the images processed by the third image 
generating unt 91, the third CQ buffer 92, and thW 
converter 93. The Images displayed on the LCDs 12 
illuminated on the back tight 11 are incident on the re- 
spective left and right eyes of the user Independently 
from the pair of mirrors 13, the aspherical lenses 14, 
and half mirrors 16. The Images for the left eye and 
for the right eye include components corresponding 
to a parallax. As the result, the user synthesizes the 
virtual image incident on both eyes in mind and rec- 
ognizes it as a solid image. 

It is noted that in a case where it is not necessary 
to mate the solid image, one of each pair of the sec- 
ond 81 and third 91 image generating units, the sec- 
ond 62 and third 92 CQ buffer, and the second 83 and 
third 93 converters become unnecessary. 

In this way, the LCDs 12 display one of the im- 
ages of the =games selected by the user. 

On the other hand, the first Image generating unit 
71 supplies the image <lata for display through the 
monitor 75fromthemonior75. In addition, the Image 
data are supplied to the first converter 73 via the first 
CG buffer 72 and are converted into the Image sig- 
nals In the NTSC format Thereafter, the second syn- 
thesize circuit 74 synthesizes the Image signd of the 
message outputfrom the message generating unft76 
as necessary. Then, the output signal of the second 
synthesize circuit 74 is supplied to the monitor 75 and 
Is displayed thereon. 

People other than those utilizing the eyeglass 
display 86 are able to view the images displayed on 
the monitor 75. In addition, ft is noted that the user can 
observe the surrounding situation In addition to the 
monitor 75 via the half mirrors 15 with the smoke 
glass element 16 in the open position. 

The images displayed on the monitor 75 may be 
the same as those displayed on eyeglass display 86, 
or alternatively, may be the Images may be different 
from those described above. For example, the eye- 
glass display 86 displays the Images of the games. 
On the other hand, the monitor 75 can display the Im- 
age oftheuserwho is playing the game. lnthi8C88e, 
for example, a television camera photographs the 
user and the image signal thus obtained can be su- 



perposed on the image displayed on the monitor 75. 

On the other hand, when the user speaks at a pre- 
determined time, the speech Is collected through the 
microphone 61 and the collected microphone signal is 
6 converted Into the djgtal signal by means of the A/D 
converter 62. After the A/D conversion is carried out, 
the A/D converted digital signal is carried out by 
means of the first acoustic generating unit 63. The 
first acoustic generating unit 63 synthesizes the voice 
10 of the memory unit 55 with respect to the input vocal 
data by providing the predetermined echo effect ac- 
cording as required. Then, the sound synthesized 
data is supplied to the speaker 67 via the first synthe- 
size circuit 65 and Df A converter 66. 

The position sensor 87 Is mounted on the eye- 
glass display 86. The posftkxi sensor 87 outputs the 
position data of the user as previously described. Th 
position data is than supplied to the second 81 and 
• third 91 Image generating unfta. The seoond 81 and 
third 91 image generating units select and correct the 
Image data supplied from the control unit 51. Conse- 
quently, the LCDs 12 display the images correspond- 
ing to the position of the user. In particular, if th 
user's head moves upward, downward, leftward, and 
rightward, the displayed Images are changed to those 
of the upward, downward, leftward, and rfghtward 
: * . ' positions, respectively. * * 

Fig. 3 shows a principle of operation when the vir- 
tual image position adjusting knob 1 8 is rotated-to ad- 
just the position of the virtual image. 

As shown in Rg. 3, suppose that the LCDs 1 2 are 
positioned at a positon 12Ato the left of the asphe- 
rical lenses 14. The user can view a virtual Image IA 
located at a position to the left of pos 
the Image disptayedenthe LCDs 12 Is viewed via th 
? aspherical lenses 14. -o^^kv^ 

In this state, suppose, for example, that the LCDs 
12 are moved to a position 12B to the left of position 
12A far away from postion 12A. The user conse- 
quently views the virtual image IB to the left of virtual 
Image IA at a position far-away from position 12B. 
That is to say, when the user adjusts the virtual Imag 
position adjusting knob 18, the position of the LCDs 
with respect to the aspherical lenses 14 is adjusted 
according to the adjustment of the knob so that th 
position of the virtual Image Is changed. 

Alternatively, for example, as shown In Fig. 4, 
with the LCDs 12 fixed at a predetermined position, 
the position of the aspherical lenses 14 is adjusted 
with respect to the LCDs 12 so that the position of the 
virtual Image can be changed. That Is to say, if the as- 
pherical lenses 14 are placed at a position 14A to the 
4ight of LCDs 1 2, the user consequently views the vir- 
tual image IA located to the left of LCDs 12. On the 
contrary, when the aspherical lenses 14 are moved to 
the right of posUon14Ato a postion 14B which Is far 
away from the LCDs 12, the user can view the virtual 
Image IB located to the left of virtual I mage IA at a 
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position far away from the position 14B. 

As shown in Rgs. 3 and 4, when a relative dis- 
tance between those of the aspherica) lens 14 and 
LCDs 12 is varied, th position of the virtual image is 
changed. The change in the virtual image is equiva- 
lent to th change in the magnftude of the virtual Im- 
age. Consequently, what is adjusted by adjusting the 
virtual image position knob 18 can mean the magni- 
tude of the virtual Image (magnitude of the image 
screen to which the virtual image corresponds). 

In this way, when the relative distance between 
the LCDs 12 and aspherical lenses 14 is changed, the 
position of the virtual Image (magnitude of the Image 
screen) can also be modify 
of the virtual image Is changed, a direction of the 
LCDs 12 (Le. convergence angle) needs to be slightly 
changed. That is tossy, as shown in Rg.5 (a) In which 
- a displayed position ofthe virtual ImageAis faraway, 
* an ar^eBbetweenallne extending from each cent^ 
~ oftheleftandrigttLCD^ 
l and right eyw) to the virtual image A(L^ 
angle) is narrow. However, as shown In Fig. 5 (b) In 
which the displayed position of the virtual image A 
comes closer to the LCDs 12, the convergenoe-angle 
B becomes wider. Therefore, if the displayed position 
of the virtual image A comes closer, it is desirable for 
the LCDs 12 tobe<fisposed towardamore Inner pos- 
ition as compared with the case wherein the dis- 
played position of the virtual image A Is far away. In 
this way, the user can observe the virtual image A 
correctly even if the displayed position of the virtual 
i ; image is for or neat q s j£ • inzc^ 
s Rgs.6and7ehow8ped^ 
to change the displayed position of a virtual image. An 
eccentric cam plate 162 is installed on the virtual Im- * 
age position adjusting knob 18 via an axle 161, The • 
eccentric cam plate 162 Is installed within the cam 
groove 132d of a slide plate 132. Hence, ff the virtual 
image position adjusting knob 18 is turned In a dock- 
wise direction or counterclockwise direction, the slide 
.■plate 132 is moved forward or rearward (in Fig. 6, the 
left downward or right upward direction). This move- 
, ment is guided by means of a pin 104c attached onto 
a frame 104 inserted into elongated grooved holes 
132a and 132c formed on the slide plate 132. 

> The LCDs 12 are held by LCD holders 124 and 
back light 11 and are mounted on a rear part of the 
slide plate 132. Therefore, since the virtual Image 
position adjusting knob 18 is rotated, the LCDs 12 are 
finally moved toward the front position or toward a 
rear position (In Rg. 6, the left downward direction or 
right upper direction). That is to say, the LCDs 12 are 
moved toward oraway from a unit main body 121 of 
an optical visual sensing unit 120 having the minors : 
13 and the asphertcal lens 14. Thus, as shown in Fig. 
3, the relative distance of the LCDs 12 to the asphe- 
rical lens 14 Is changed so that the (fisplayed position c 
of the virtual image can be moved. 
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On the other hand, pin portions 124c are extend- 
d on their bottom ends of the left and right LCD hold- 
ers 124, respectively. Th pin portions 124c are in- 
serted Into recessed portions 163c of the cm arm 
163. The respective recessed portions 183c of the 
cam arm 163 arranged on its left and right sides are 
arranged such as an inverse U shape as viewed from 
above. Consequently, as the left and right LCD hold- 
ers 124 are moved such as to be nearer to the unit 
main body 121 , the left and right pin portions 124c are 
guided so as to be moved in the inner direction (mu- 
tually nearer direction). As the result the left and right 
LCD holders 124 (hence, the LCDs 12 which are held 
thereon) are guided by means of a shaft 136 and 
moved In the Inner direction (mutually nearer direc- 
tion) since the holder's projection 1 24a Is Inserted into 
the shaft 136. 

On thacorttrary, If the virtual Image position ad- 
justing knob 18 Is adjusted so that the LCD holder 124 
is moved In a direction such that the LCD holders 124 
vara separated from the unit main body 121, the left 
and right LCD holder 124 (left and right LCDs 12) are 
moved in mutually separated directions. Conse- 
quently, the convergence angle shown In Fig. 5 can 
be adjusted, r . > . . 

Fig. 8 shows a specific example of the structure 
- of the apparatus In wder to adjust the relative dis- 
tance betweeathe leftamJ rigMaspherical lenses 14 
: when the eye-width adjustment knob 17 is adjusted. 
As shown in Fig. B, the^ye-width adjusting knob 17 
is coupled to a cylindrical cam 141. The cylindrical 
cam44te ; ^ as. 
pherical tenses 34 bymeansof a stop ring 142. An 
otiterperfoheryofthec^^ 141 Is tamed 

wfth acamcxoov^ hoie ( 141a. A cam pin 144attecb- 
• edontoat»eadportion i43aof a tod 143 is Inserted 
Into a cam grooved tola 141a ATwaslc end portion 
143b of the rod 143 is linked to the right sided asphe- 
rteallens14. >.. 

>: When the eye-width adjusting knob 17 Is rotated 
in either the clockwise direct 
wise direction, the cylindrical cam 141 Is rotated Inte- 
grally so that the cam pin 144 extended on the head 
portion 143a of the rod 143 is guided into the cam 
grooved hole 141a of the cylindrical cam 141. Thus, 
the cam pin 144 is moved in the leftward or rightward 
direction correspondingly to a rotational direction of 
the eye-width adjusting knob 17 as shown in Fig. 8. 
Consequently, the right side aspherica! lens 14 to 
which the rod Is linked is moved toward the left side 
or right side, their holding portions 121 b and 121c be- 
ing guided by means of the shaft 105. 
u*>* Asahown In Flg.3,^rms 154 are linked to fanner 
sides of the left and right asphertcal lenses 14 and 
their tips are formed with elongated grooved holes 
164a* respectively. Pins 153 which are attached onto 
tooth ends of a pivotal lever 151 are Inserted into th 
respective elongated grooved holes 154a. Then, a 
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center of the pivotal lever 151 is pivotally supported 
on a fulcrum axi 152. Consequently, when th right 
side aspherical lens 14 Is moved in the leftward direc- 
tion as viewed from Fig. 8, ami 154 is moved accord- 
ingly toward the leftward direction. At this time, since 
th pin 153 inserted Into the elongated grooved hole 
154a of the arm 154 is pressed toward the leftward 
direction in Fig. 8, the pivotal lever 151 is pivoted in 
the clockwise direction with the fulcrum axle 152 as 
a fulcrum. 

As the result, one of the pins 153 which is attach- 
ed onto an opposite side to the pivotal lever 151 is ro- 
tated in the clockwise direction wth the fulcrum axle 
152 as a center so that the arm 154 having the elon- 
gated grooved hole 154a is moved in the rightward di- 
rection. Hence, the aspherical lens 14 at the right side 
is guided by means of a shaft 105 via the holding por- 
tions 121 b and 121c and Is moved in the right dteo- 
tion. That Is to say, the left and tfght aspherical lens 
14 are moved so as to become neoror to each other. 

When the eye-wkfth adjusting knob 17 is rotated 
in the opposite direction and the rod 143 is moved in 
the rightward direction, the left and right aspherical 
lens 14 are moved In mutually separate directions. 

As described above, when one of main bodies of 
the unit 121 housing the aspherical lens 14 are moved 
toward directions mutually closertoor mutually away 
from the other of the unit main bodies thereof, the pin 
portions 121d formed on the left and right unit main 
bodies are accordingly moved mutually closer togeth- 
er or mutually away from each other as well. 
: . j When the left and right pin portions 121d are 
moved in directions mutually approaching to each 
other, one of the left and right cam arms 163 through 
which the pin portions 121d are Inserted are also 
moved In the mutually approached direction to the 
other: The left and light cam pin portions 163b re- 
spectively attached onto the left and right cam pins 
-1 63b are moved in directions mutually approached di- 
rections. 

These left and right cam pin portions 1 63b are In- 
serted into the left and right cam grooved holes 104e 
which are formed on the frame 104 In an inverted U 
shape. Consequently, when the left and right cam pin 
portions 163b are moved in directions mutually ap- 
proaching directions, a cam arm 163 shown at a right 
side of Fig. 7 is pivoted In the counterclockwise direc- 
tion as the pin portion 121d as a center. A cam arm 
163 shown at the right side of Fig. 7 Is pivoted In the 
clockwise direction. As described above, pin portions 
124c of the LCD holders 124 are inserted into re- 
cessed portions 163c of the cam arms 163 so that the 
left and right LCD holders 124 are moved accordingly 
in directions such that they are closer together (so 
that the convergence angle becomes wider). 

On the contrary, when the left and right aspheri- 
cal lens 14 are moved In directions mutuafly separat- 
ing, the left and right cam arms 163 are pivoted in the 



clockwise d irection or counterclockwise direction with 
the pin portions 121d as a center, respectively, the 
left and right LCDs 12 are moved in directions mutu- 
ally separating from each other. That is to say, they 
s are adjusted so that the convergence angl becomes 
narrower. 

As described above, with the eye-width adjusted, 
the relative distance between the aspherical lens 14 
is not only adjusted but only the relative distance be- 

10 tween the LCDs 12 is automatically adjusted so that 
the convergence angle can accordingly be adjusted. 

Fig. 9shows an example of the virtual image pos- 
ition adjusting knob 18 having a mark 18A. In this em- 
bodiment, symbols representing the position of the 

16 virtual Image (symbols such as 1 m, 3 m, and «) are 
located around the virtual image position adjusting 
knob Ifc The user can adjust the position of the virtual 
Image by rotating the adjusting knob 18 so that the 
mark 18A Is aligned with a desired symbol. Conse- 

20 quentiy, the position of the virtual image can be ad- 
justed. . ' *v - 

That is to say, for example, if the mark 18A of the 
virtual image position adjusting knob 18 is aligned 
with the position on which the symbol of 1 m is dis- 

25 played, the position of the LCDs 12 is adjusted so that 
the displayed position of the virtual image indicates 
1m.tfthemark18Atemadecolnddenttothe position 
of the symbol 3 m or symbol <x>, the position of the 
LCDs 12 is adjusted so that the virtual image dis- 

30 played position Indicates the position denoted by 3 m 
orbyoQ. 

v ^fRg.10 shows another example of the virtual Im- 
age posUon adjusting knob 18. In this embodiment, 
le^ the position of the virtual image is not indicated 

35 In suchcfiroctdistanoes as 1m, 3m, and oo but indicat- 
ed In the form of a magnitude of the Image screen 
such as 50 inches, 40 Inches, and 30 inches. In the 
latter case, the LCDs 12 are moved to a position at 
which the Image screen of 50 Inches can be observed 

40 by the user when, for example, the mark 18A of the 
virtual Image position adjusting knob 18 is adjusted 
at a position of the symbol of 50 Inches. If the mark 
18AI8 adjusted to the symbol of 40 inches or 30 in- 
ches, the LCDs 12 are moved to a position equivalent 

45 to a case where the user views the Image screen hav- 
ing the magnttude of 40 Inches or 30 inches. 

It is also possible for these virtual image dis- 
played positions to be displayed on the LCDs 12, as 
shown, lor example. In Figs. 11 (a)-(o) and 12 (aMc). 

so In the embodiment shown In Figs. 11 (aHc), the sym- 
bols such as Im, 3m, and oo In Fig. 9 are directly dis- 
played on the LCDs 12 as shown in Figs. 11 (a) 
through 11 (c) so as to correspond to the rotated pos- 
tkxi of the virtual Image position adjusting knob 18. 

66 lnadditton,intheembodiment6howninFi^.12 
(aMc). numerals 50, 40, 30, and so forth each of 
which represent the magnitude of the image screen 
shown in Fig. 10 are displayed on the LCDs 12. In this 
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embodiment, in order for the user to recognize that 
these numerals represent the magnitude of the image 
screen, a straight One wfth an arrow mark at both ends 
of the line is simultaneously displayed in a diagonal 
position on the image screen, tf the user rotates th 5 
virtual Image position adjusting knob 18, indications 
such as shown in Rgs. 12 (a) through 12(c) ate con- 
sequently displayed on the LCDs 1 2 corresponding to 
the rotated position of the knob. 

Rgs. 13 through 17 show embodiments for proc- 10 
essing steps which occur in regard to the position of 
the virtual image. 

In the embodiment of Fig. 13, a CPU of the micro- 
computer of the ooitfroi unit detennines, eta 
whether a change in the displayed position of the vir- is 
tual image is indicated That is to say, the control unit 
51 serves to monta whether the virtual Image posi- 
rtion adjusting knob 18 has been operated When the 
T - virtual Image postion adjusting knob 1 8 is operated , 
- the routine goesfrom the step 81 to the step 82. At 20 
step S2, the CPU of the control unit determines 
whether the operation of the virtual image position 
adjusting knob 18bcarried out so as to dtrectthepos- 
ition of the virtual Image far away from or nearer to the 
present position. . 25 

In a C8se where the virtual image position adjust- 
. ing knob 18 Is operated In the direction far away from 
the present position at the step S2, the routine floes 
to a step S3 in which a predetermined speech mes- 
sage is output That is to say, at this step, the control 
unit 51 controls the second acoustic generating unit 
64 to generate, ior^xampie, messages such as3the 
image screen becomes smaller", "displiayed position 
becomes far away", or other similar messages. Such 
: voca! messagesasdescribed above are outputtothe - 
ear phone 31 vtaJtje first synthesize drcutt 65 «nd nc 
D/A converter 66. £>r ; - - :r -x-. r 

On the other hand if at the step S2 the CPU de- 
termines that the virtual Image position adjusting . 
*Jcnob 18 is operated so that the virtual image is moved 
.toward the presentpositlon, the routine goes to a step *\ 
S4 in which another vocal message corresponding to ; 
^ this operation is generated. For example, the control 
unit 51 ultimately causes the generation of vocal mes- 
sages such as The Image screen becomes larger*, 45 
"the displayed posftion becomes closer" which are 
then output to the ear phone 31. 

In this way, vocal messages for alerting the user 
to pay more earful attention to the position of the vir- 
tual image (magnitude of the image screen) are 60 
heard by the usee Hence, for example, in a case 
where long term use with the displayed position of the 
virtual Image near thereto (with the large image 
screen) Is performed and if an operation manual pre- 
yiously describes that undesirable minor discomforts 65 
may occur, each vocal message for each change in 
the virtual image displayed position is output so that 
the user can be more frequently alerted to the possi- 
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bilityofth occurrence of a minor discomfort 

After either step S3 or step S4 where the prede- 
termined message is output, the routine goes to step 
S5 where it is determined whether further processing 
is desired. If no instruction to end processing is input 
the Routine returns to the step S1 and processing is 
executed repeatedly. 

On the other hand. In the embodiment of Fig. 14, 
at a step S11, the CPU determines whether the dis- 
played position of the virtual image is changed. If the 
CPU determines that the displayed position of the vir- 
tual image is changed, the routine goes to a step S12 
wherein a message is issued which notifies the user 
of the possibility that a minor discomfort may occur. 
That is to say, at step S12, the control unit 51 controls 
the second acoustic generating unit 64 so that the vo- 
cal message is generated, for example, such as a vo- 
cal message indicating that long term use may cause 
a minor discomfort to occur. This vocal message is 
output to the earphone 81 via first the synthesize cir- 
cuit 65 end 0/ A converter 68. ■ 

In addition, the message generating unit 76 is 
controlled so that a similar message is generated in 
the form of characters. These characters are dis- 
played on the LCDs 12 via the fourth synthesize cir- 
cuit 85. It noted that eitherthe vocal warning message 
or the video: warning message may be selected and 
generated. > 3 a ■ .* . . 

b ..-is In this way, a direct notification of the possibility 
that a minor discomfort may occur is not merely an in- 
direct message but rather Is in the form of either an 
audto^ldeojmessage4o ensure that the message 
is received and recognized by the user. 

• The above-described processing is executed re- 
peatedly at step S13untfl instructions for ending fur- 
ther processing are given. > s; i v 0 . i 
it ,: It is noted that sithoug 
Fig. 14, at step S11 the CPU determines whether the 
displayed position of the virtual image is changed, it 
is also possible to determine whether a predeter- 
mined time has elapsed upon the start of use of the 
eyeglass display 86. In this manner, it is possible to 
notify the user to the possibility that a minor discom- 
fort may occur whenever a predetermined time period 
has passed. In particular, it has been found that when 
4i8ed for a two hour time period at a convergence an- 
gle of approximately SO, there is a substantially re- 
duced possibility of the occurrence of a minordiscom- 
fort 

In the embodiment of Fig. 15, at a step S21, the 
CPU waits for the instruction to change the displayed 
position of the virtual image. If the instruction to 
change the displayed posHon of the virtual Imag is 
issued, the routine goes to a step 822 in which the 
CPU determines whether this change in the displayed 
position is such a change that the convergence angle 
is directed to beoome wider or to become narrower. If 
the change Is such that the oonverg nee angle be- 
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comes wider, the routine goes to step S23 in which a 
predetermined notification of the possibility that a mi- 
nor discomfort may occur is issued. For example, a 
warning that long term use might cause the occur- 
rence of a minor discomfort may b output to either 
the earphone 31 or the LCDs 12. 

In addUon, if, at step S22, the CPU determines 
whether the change Is such a change that the conver- 
gence angle becomes narrower, the routine goes to 
a step S24 in which a different notification from that 
in the step S23 is generated. For example, a warning 
such as "please avoid long term use If possible" may 
be output to either the ear phone 31 or LCDs 12. 

In this way, since different notifications are gen- 
erated depending upon whether the convergence an- 
gle becomes wider (the displayed position of the vir- 
tual Image beoomes closer, L&, the magnitude of the 
image screen te made larger) or the case where the 
convergence angle becomes narrower (the displayed 
position of the virtual Image beoomes further away, 
i.e., the magnitude of the image screen ts made small- 
er), it Is possible to generate notifications as needed. 

The above-described processing are executed at 
the step S2S until a processing end instruction is is- 
sued. 

Fig. 16 shows a further embodiment erf the pres- 
ent invention. In this embodiment, at step S31, the 
CPU determines whether the displayed postkm of ' 
the virtual Image is changed. If the displayed position 
of the virtual image is changed due to the operation 
of the virtual displayed position adjusting knob 18, the 
routine goes from step S31 to step S32 in which the 
CPU determines whether this change makes the con- 
vergence angle wider or narrower than a predeter- 
mined reference angle value. If the convergence an- 
gle is wider than the pred e termined reference value, 
the routine advances a step S33 in which a flagfA is 
set to 1 and a timer built in the control unit 51 te ac- 
tuated. Thereafter, the routine returns from step 835 
to step S31 in which the CPU again determines 
whether a change In the displayed position of the vir- 
tual image occurs. 

If the adjustment operation of the virtual image 
displayed position adjusting knob 18 te ended, the 
routine goes to step 836 since the CPU determines, 
at the 8tepS31, that no change In the displayed pos- 
ition of the virtual image occurs. At step S36, the CPU 
determines whether the flag FA te set to 1. In this 
case, at step 833, the CPU determines that the flag 
FA is set to 1. Hence, In this case, the routine goes to 
step S37 in which the CPU determines whether the 
timer started at the step 833 has indicated a prede- 
termined constant time. 

If the timer, at step 837, h8s determined that it te 
not yet passed the set time previously set fay the *• 
timer, th routine returns to step 835 at which point 
It te determined whether a processing end has been 
instructed. If the end of processing has not yet been 



instructed, the routine again returns to step 831 and 
the same processing te repeated. 

That te to say, when the virtual image position ad- 
Justing knob 18 te adjusted so that th convergence 
6 angle becomes wider than the predetermined value, 
the aeries of processing at steps of 831, 836, 837, 
and 835 are executed repeatedly. Then, when the 
predetermined set time has passed, the routine goes 
from step S37 to step S38 in which an automatic 
10 change message is output For example, such a mes- 
sage as "the virtual image displayed position te made 
far way" is output to at least either of the ear phone 
31 and the LCDs 12. 

Furthermore, the routine goes to a step 839 in 
15 which flag FA te reset and the LCDs 12 are forcefully 
(automatically) moved so that the virtual Image pos- 
ition becomes further from the reference value so 
that the convergence angle beoomes narrower than 
the re ference value. That te to say, at this time, the 
20 control unit 51 drives a motor 56 Included in the eye- 
glass display 86 to automatically move the LCDs 12 
to a predetermined position. Consequently, inacas 
where the virtual Image displayed position te nearer 
to the reference value (in a case where the conver- 
ts gence angle te wider than the previously set reference 
value), the term of use at the displayed position of the 
virtual Image te limited within the previously set con- 
stant time. If more time te used than the set tlm .the 
displayed position of the virtual Image te automatical- 
so ly moved toward a far-away position. Hence, the pos- 
sibility of an occurrence of a minor discomfort is sub- 

— ■ The routine then advances from step839toatep 
835 and returns again to step 831 if no Instruction to 

35 end the rjiocessingte Issued Thereafter, these 
processing te executed repeatedly. 

In a case where the CPU determines that the con- 
vergence angle does not exceed the reference value 
at the step 832, the routine goes from step 832 to 

40 atep 834 in which the user te notified of the possibility 
of the occurrence of a minor discomfort That te to say, 
a message such as "long term use might generate a 
minor discomfort" te output Then, at step S35, If the 
end of processing instruction te not given, the routine 

45 again returns to step 831 and the same series of 
processing te executed repeatedly. 

ff the virtual image position adjusting knob 18 te 
not operated, the routine goes from step S31 to step 
836. Since the flag FA is now reset, the routine again 

so returns to the atep 83 1 . Thereafter, the series of proc- 
essing steps are executed repeatedly. 

Fig. 17 shows a still further embodiment In this 
embodiment the same series of processing steps are 
executed as steps of 831 through 837 In Fig. 16, ex- 

65 cept that the processing at steps 858 and 859 te dif- 
ferent from the processing at steps 838 and 839 in 
Fig. 16, respectively. 

That te to say, kith embodiment of Fig. 16, when 
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the previously set time has passed after a change is 
made such that the convergence angle exceeds the 
reference value, the predetermined message is out- 
put s that the displayed state is automatically 
changed to reduce the convergence angle. However, 
in the embodiment of Fig. 1 7, at step S58, such a mes- 
sage as "since the predetermined constant time has 
passed, the power supply Is turned off" is output to 
the ear phone 31 and LCDs 12 in place of the change 
in the displayed state so as to reduce the conver- 
gence angle. In addition, at step S59, the power sup- 
ply is automatically turned off and the display is halt- 
ed and the flag FA is reset in this way, the possibility 
of an occurrence of a minor discomfort may be re- 
duced or eliminated, . 
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position of said virtual image and its displayed 
time duration. 

An image display apparatus according to any one 
of claims 1 to 6, wherein said position displaying 
means is installed adjacent to said adjusting 
means. 

An image display apparatus according to any one 
of claims 1 to 6, wherein said position displaying 
means is installed on to said adjusting means. 

An image display apparatus according to any ne 
of the preceding claims, wherein said position 
displaying means displays the position of said vir- 
tual image as a magnitude of an image screen 
corresponding to said virtual image. 



An image display apparatus comprising: so 

■, image displaying means for displaying an 
image; 

. optical. means for optically generating a 
virtual image of the Image displayed througtrsaid 
image displaying means; , 25 
adjusting means for adjusting a position of 

• said virtual Mage; and - . :^r-v .h, r '? 

position displaying means for displaying a ^ > v « , 
position of said virtual image. c ;< ~ ..v^ 

An image display apparatus according to daim 1 , 
wherein said positipn displaying means displays*-* ; tl c Zo t ; 
the position of said virtual image as a magnitude • ; ?■ - ■ 
of an image screen corresponding to said virtual 

^Image.,^;,, Li Wk * ;j u t- . -op o&.§:«J0 ■ , 

* An image display apparatus according to claim 1 
or claim 2, compri si ng information means for in- . 
forming a user In speech form of a change in the 
position of said virtual image position when said 40 
adjusting means adjusts the position of said vir- 
tual Image. 



4. An image display apparatus according to claim 1 f 
claim 2 or daim 3, comprising notification means 
for displaying information corresponding to the 
position of said virtual image. 



45 



5. An image display apparatus according to any one 

of the preceding claims, comprising controlling 60 
means for controlling a power supply according to 
the position of said virtual image and its dis- 
: , played time duration. , c . - 

6. - An image display apparatus according to any one . cs 

of the preceding claims, which comprises control-. 

ling means for automatically controlling the post- ; ; - 

tk>n of said virtual Image corresponding to the 
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FIG. 5(a) 
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